
A CONTRIBUTION TO THE INVESTIGATION INTO
THE RESULTS OF PARTIAL STERILISATION OF

THE SOIL BY HEAT.

BY VISCOUNT ELVEDEN, M.P.,

Pyrford Court, near Woking.

THE discovery that partial sterilisation by heat is capable of greatly
increasing the fertility of the soil1, opens up possibilities full of interest
both to agriculturist and to horticulturist. Steaming the soil has already
become a common practice by growers of tomatoes under glass, where
the soil in the houses when " sick," that is, infertile no matter how heavily
manured, is treated with steam, whereby its fertility is completely
restored.

Having made some rough outdoor experiments with steam on small
plots, and finding that the results were eminently satisfactory, and that
further, all weed seeds were completely destroyed, the writer endeavoured
to attack the problem of applying partial sterilisation on a practical scale.

In doing so, one of the first questions presenting itself, upon which no
information was available, appeared to be the depth to which it was
necessary to apply the heat. It seemed obvious that without such in->
formation, no estimate could be arrived at as to the cost of the process,
nor the best method designed of carrying it out on a large scale out of
doors.

A series of experiments was accordingly carried out at Pyrford, near
Woking, with a view to ascertaining:

(1) Whether the effect of heating proved of greater benefit to the soil
at any particular level.

(2) Whether this optimum depth showed variation depending on the
season of the year.

The experiments were carried out as follows. A trench was opened
in the ground to a depth of 18 inches, against one face of which were
placed two upright pegs, having protruding nails in them two inches
apart. Across these nails a board was placed horizontally. The straight

1 The effect of Partial Sterilisation of Soil on the Production of Plant Food, E. J. Russell
and H. B. Hutchinson.
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edge of the board gave the required level, and by this means the soil was
removed in layers two inches thick. The soil from each of the nine layers,
after being sifted, was placed in two small wooden boxes, measuring
7 x 7 x 2 inches, each holding 4 lbs. of soil. One of each pair of boxes
was then steamed, the other being kept as a control. The steaming was
carried out in the following manner. A "boilerette" or water-jacketed
boiler as used for cooking purposes was procured, into which three boxes
fitted exactly, and in which the boxes were left for one hour after all the
soil in them had reached a temperature of close upon 100° C. After
removal the boxes were left for a week, when both they and the controls
were sown with mustard seed.

Seed was thickly sown, but after germination, when the second pair
of leaves became visible, the plants were reduced to twelve in each box.
Immediately after the plants came into flower, they were cut ofi at the
soil level, and the total dry weight ascertained to -001 grm. In summer
they were grown in a cold frame or greenhouse, and in winter in a house
the temperature in which varied from 7° to 21° C. according to the
weather. Each experiment thus consisted of 18 boxes, two filled with soil
from each layer, one of which was steamed and one a control.

The whole process was repeated in an exactly similar manner at
intervals of three weeks. In every case, before each experiment was
commenced, the soil was removed from the face of the trench in order to
open up a new surface not previously exposed to the air.

Two kinds of soil were used with which parallel experiments were
conducted. In one case, soil from a recently made kitchen garden was
chosen, which had been trenched to a depth of 18 inches five years
previously, and well manured with farmyard manure, but no doubt not
always to the same depth. As it appeared possible that such previous
treatment might tend to obscure the results, it was later thought
advisable to make an identical set of experiments using the soil of a
field close by, which had never been trenched, but which had been manured
five years previously and laid down to grass. The turf was, of course,
removed before this soil was taken.

The attached diagrams illustrate the results from these experiments.
They numbered 22 of each soil, and were made, in the case of the garden
soil, between April 1917 and August 1918, and in the case of the field
soil between August 1917 and April 1919. The time taken for each crop
to reach the flowering stage varied from 36 days in summer to 118 in the
winter months. Fig. 1 illustrates the great increase of crop obtained by
steaming the soil. In this case, the total of the crops which were obtained
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in the 22 experiments from each of the nine depths of soil has been taken,
the steamed and the unsteamed, and the difference between them ex-
pressed as a percentage increase, shown as a curve. Figures, showing the

FIELD

300

200 -

100

0-2 2 -4 4-6 6-8 8-10 1 0 - 1 2 1 2 - 1 4 1 4 - 1 6 1 6 - 1 8
Depth in inches

300

200

100

G A K D B N

-

-

r i r r i

\ /

i i t

0-2 2-4 4-6 6-8 8-10 1 0 - 1 2 1 2 - 1 4 1 4 - 1 6 1 6 - 1 8
Depth in inches

Fig. 1. Curves showing percentage of crop increase on steamed over unsteamed soil at
varying depths. Crops from 22 separate experiments in soil from Garden and Field.

actual crop obtained from each of the 792 boxes in the whole series, are
given in the Appendix.

In these individual boxes there will be observed one instance in the
garden soil series (Exp. 1 Garden Soil) where the control box gave a crop
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Fig. 4 {continued).

very much larger than that which had been steamed. The writer is
inclined to think that the two boxes may have been accidentally changed
over during the course of the experiment as it never occurred again in
the garden soil experiments. As will be seen, individual boxes of steamed
soil in some of the experiments with field soil failed to show an increase
over the controls, generally at the lower depths, but in these cases a
number of the plants had died altogether of fungoid disease. In no case,
however, was the average increase in any of the field soil series less than
5 | per cent.

The next lowest average increase obtained in any of the 44 series was
77 per cent., while an average increase of as much as 603 per cent. Was
obtained from one series of boxes of garden soil after steaming,- and
403 per cent, from one of the field soil series, the average over the entire
set of 44 experiments being 235 per cent. Fig. 2 shows the total crops
obtained from all the series both from steamed and from untreated soil.

No noticeable effect can be traced which would indicate that enemies
to plant growth capable of being destroyed by partial sterilisation, con-
gregate at a certain depth of the soil, or move up and down according
to the season of the year. There is some indication that where the soil is

Joum. of Agric. Sci. xi 1 4
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capable of yielding a fair crop, the percentage of increase obtained by
steaming will be greater than where the soil is very deficient in plant food.
The richer garden soil when steamed, gave on the whole, as will be seen
from the diagrams, a greater increase than the field soil, while in the
latter, little reaction was ever obtained below 12 inches, where soil not
previously disturbed was reached.

The level at which the maximum increase was obtained varied
considerably in each experiment, being by no means confined to the layers
near the surface. Pig. 3 shows that while in the garden soil the maximum
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Fig. 5. Curves showing total crop obtained from steamed and unsteamed soil.
Crops grown in large boxes.

increase obtained varied from the surface layer to that 16 or 18 inches
below the surface, in the field soil the maximum was always obtained
in the top 10 inches, and rarely below 8 inches, except in one case (the
15th experiment) where the whole crop from both treated and untreated
soil was much retarded and very poor.

It would further appear that the benefit obtained by steaming is
not confined to the first crop sown, as will be seen from Fig. 4, which
illustrates the results obtained from sowing five successive crops on the
same soil.
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These boxes and the controls were sown again as soon as the first crop
had been harvested, and then, after the second crop had been cut, the
soil was steamed a second time and re-sown. All three sowings gave an
increase of crop from the steamed soil, but a fourth crop which was sown
without further steaming showed no advantages over the control. After
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Fig. 6. Curve showing percentage of crop increase on steamed over unsteamed soil.
Crops grown in large boxes.

this had been harvested, the soil was steamed a third time and sown again.
The fifth crop showed some increase over the control, but these boxes
were largely a failure, owing to disease, as is shown by the dotted line.

During 1919-1920 a second set of experiments was carried out in
larger boxes, each containing a cubic foot of soil. The soil used was from



206 Partial Sterilisation of the Soil by Heat

the field previously mentioned, and the results are shown in Figs. 5 and
6—Fig. 5 giving the actual crops obtained in each of 19 experiments,
from treated and untreated boxes, and Fig. 6 the percentage of increase
in each case. The increases are generally speaking smaller than in the
shallow boxes, and during the exceptionally wet season of 1920 crops from
both treated and untreated soil were much poorer than in the previous
season.

Since the steaming of the soil on a practical scale, other than under
glass, presents so many almost insuperable difficulties, experiments were
also made in the treatment of soil by dry heat. Satisfactory results were
obtained with soil which had been passed through a naked flame and
raised approximately to between 80° and 90° C.

No. l No. 2 No. 3 No. 4

11
as
IBiS I -

60 "3 S "g 60 g 60

Fig. 7. Diagram showing crops obtained from soil flamed to a temperature of 80°-100° C.,
from untreated soil and from steamed soil.

The method adopted was as follows:
A fine stream of earth was passed through an inclined metal drum at

one end of which was a flame from a blow lamp. The soil trickled through
the flame, and the temperature was recorded as it fell out of the drum.
Small scale experiments were first tried, using an apparatus made of a
cylindrical biscuit tin and a plumber's blow lamp. For the large scale
experiments out of doors, an apparatus was constructed capable of dealing
with about a ton of soil an hour. Of this, the drum, which was about
18 inches in diameter, revolved, causing the soil in it to turn over and
thus become thoroughly heated by flames from two large paraffin oil
burners, blown by a fan.

The results from the soil thus heated were, on the whole, less good
than in the case of the steamed soil, the temperature was lower, and the
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soil less uniformly heated. Boxes of it were sown with mustard seed,
together with controls of untreated soil, and of soil which had been
steamed. The results are shown in Fig. 7.

Soil heated by electricity also gave good results provided a sufficient
temperature was reached. Crops from soil raised to 100° C. by applying
an alternating current to the boxes compared very favourably with those
grown on steamed soil, and that to which dried blood had been added,
both in conjunction with the steaming and without; the purpose of
adding dried blood being to provide the soilj for comparison, with a
manure rich in available nitrogen. The results are shown in Fig. 8.
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Fig 8. DiRgram showing crops obtained from soil heated by electricity to 100° C. Crops
obtained from steamed soil with and without the addition of blood are also shown
for comparison.

From the Figs, illustrating the results from steamed soil taken at
varying depths, it appears probable that the maximum increase of crop
obtained by steaming the soil occurs, in previously manured soil, at those
depths where the manuring has been most thorough, and that the effect
of partial sterilisation is to liberate some plant food, present but not
otherwise available.

Dr Russell1, finding that partial sterilisation caused first a fall and
1 Soil Conditions and Plant Growth, pp. 168-75.
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then a rise in the bacterial content of the soil, reached the conclusion that
some factor, limiting the growth of bacteria favourable to plant life, was
eliminated by partial sterilisation, and believed this to be the non-spore-
bearing protozoa in the soil, amoebae and ciliates. He concluded that
these when killed by heat or poisons leave the soil in a condition very
favourable to the growth of other spore-bearing bacteria which are
beneficial to plant life, and which rise in numbers after the destruction
of their enemies, their spores being capable, unlike the protozoa, of
resisting the temperature of steam.

If the benefits of partial sterilisation by steam consisted solely in the
destruction of protozoa, the reintroduction of a small quantity of un-
treated soil into the heated mass should counteract the effects of steam-
ing. In order to ascertain if there were not some other factor at work,
the following experiments were carried out. Crops of mustard were sown
in boxes of a mixture of treated and untreated soil. The soil having been
steamed or flamed in the manner previously described, a layer was placed
in boxes, the soil below being untreated. The layer varied in thickness
from one-quarter of the total amount of the soil in the box to three-
quarters. Boxes were also set up with similar proportions of treated and
untreated soil thoroughly mixed together. In each experiment a box of
untreated soil and one of soil altogether steamed or flamed was sown.

The addition of untreated soil did not mask the effect of the heat
treatment. As will be seen in Fig. 9, which illustrates seven such experi-
ments made, the increase of growth varied, generally speaking, in pro-
portion to the amount of soil in the box which had been subjected to
treatment. So far from the reintroduction of untreated soil having any
effect, the crops in some cases exceeded those from soil wholly treated.
It is clear therefore that the decomposition of soil materials effected by
the heat is a potent factor. A further possible explanation may lie in
some unascertained fact, such as that the protozoa, and possibly other
living organisms, when dead become, instead of enemies to the spore-
bearing bacteria in the soil, a food for them and for the plant.


